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1.0  INTRODUCTION  AND  SUMMARY 


This  report  summarizes  the  design  and  development  of  a 
radiation-hardened  photodetector  circuit  by  the  Harris  Semi¬ 
conductor  Programs  Division  For  the  Defense  Nuclear  Agency 
under  contract  number  DNA  001-78-C-0356 .  The  photodetector 
is  intended  for  use  in  the  Dormant  Inertial  Navigation  System 
(DINS).  The  device  is  a  dual  detector/ amplifier  which  detects 
ring  laser  gyro  optical  signals  (6328&). 

The  total  device  consists  of  two  integrated  circuit  chips. 

The  first  chip  contains  the  photodiode  detectors  and  compensat¬ 
ing  elements  as  well  as  the  feedback  resistors  utilized  with 
the  input  trans impedance  amplifier  of  the  second  chip.  A  sec¬ 
ond  gain  stage  on  the  amplifier  chip  then  is  cascaded  to  yield 
a  tbtal  transimpedance  of  four  (4)  meg  ohms.  With  this  device 
a  300  nanowatt  signal  from  the  laser  is  converted  to  a  500  mill- 
volt  output  pulse  suitable  for  transmission  and  drive  of  a  remotely 
located  comparator. 

Contained  in  this  report  is  a  design  description  of  the 
photodiode  chip  and  of  the  preamplifier  chip.  In  addition  to 
the  electrical  design  and  analysis  of  the  devices,  the  topograph¬ 
ical  design  and  fabrication  of  the  devices  are  described.  Fin¬ 
ally  the  electrical  characterization  of  the  amplifier  is  described. 
Excellent  correlation  between  the  simulated  and  measured  parameters 
was  achieved.  A  single  level  mask  iteration  was  required  to  adjust 
the  amplifier  bandwidth  and  correct  a  ground  hook  up  error  in  one 
channel. 

Characterization  of  the  photodiode  devices  developed 
under  this  contract  was  accomplished  by  MRC  Inc.  Results  are 
reported  in  the  report  titled:  Characterization  of  the  Radia¬ 
tion  Hard  Harris/DINS  Ring  Laser  Gyro  Photodetectors:  Contract 
*DNA-80-C-0140. 

Radiation  response  characteristics  of  the  amplifier  section 
and  the  total  photodetector/amplifier  device  have  yet  to  be  per¬ 
formed.  Sufficient  devices  have  been  provided  under  this  contract 
to  accomplish  this  as  well  as  performance  characterization  at  the 
sytsem  level. 


2.0 


DESIGN  REQUIREMENTS 


The  design  requirenents  of  the  DINS  photo  detector  system  are 
enumerated  as  follows: 

-  The  system  shall  receive  a  300  nanowatt,  (Min. )  632S&  signal  from  a  ring  laser 
gyro  and  convert  it  to  a  level  in  the  hundreds  of  millivolts.  It  must  do  so  in 
the  presence  of  transient  garnna  radiation  of  the  specification  level  and  also 
after  the  exposure  to  neutron  fluence  of  the  specified  level. 

-  The  system  shall  have  an  adequate  signal-to-aoise  ratio  such  that  the  input 
signal  is  not  masked  by  the  noise  generated  during  a  transient  gamma  event. 

-  Assuming  the  specified  photodiode  responsivity  requiranent  of  .44  Anps/Watt 
the  preamplifier  shall  have  a  trans impedance  gain  of  3  megohms. 

-  The  overall  system  bandwidth  shall  be  a  nrinirra»n  of  1  megahertz. 

% 

-  The  preamplifier  shall  be  capable  of  driving  a  capacitive  load  (i.e.  coaxial 
cable). 

-  The  preamplifier  shall  have  short-circuit  protection. 

-  A  maximum  of  -  20  volts  of  supply  voltage  may  be  used. 

-  The  operating  temperature  range  shall  be  -55°C  to  +125°C. 
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3.0  TECHNICAL  APPROACH 


3.1  Shown  in  Figure  3,1  is  the  overall  system  functional 
diagram  of  the  DINS  photodetector.  The  system  has  been  div¬ 
ided  into  two  chips,  a  photodiode  chip  and  an  amplifier  chip. 

The  photodiode  chip  also  contains  four  30K  ohm  resistors  which 
set  the  gain  of  the  first  stage  of  amplification.  A  total  of 
eight  chip  to  chip  bond  wires  shall  be  required  and  five  bond 
wires  shall  be  brought  out  to  the  package.  (Figure  3.2) 

3.2  Circuit  Partitioning 

In  order  to  obtain  a  1  to  1  or  better  signal  to  noise  ratio 
under  minimum  drive  conditions  (300  nanowatts),  it  is  necessary 
to  reduce  the  noise  as  much  as  possible  without  sacrificing  photo¬ 
diodes  during  a  transient  gamma  event.  Although  these  photo¬ 
currents  are  applied  common  mode  to  the  preamplifier  by  using  an 
identical  masked  photodiode  to  the  noninverting  input,  any  mis¬ 
match  in  these  currents  will  be  applied  as  a  differential  signal 
and  therefore  show  up  in  the  output  as  the  major  noise  contributor. 

Transient  I„p  (primary  photocurrent)  is  a  direct  function  of 
the  photodiode's  total  volume  since  the  generation  rate  g_(  )  is 
linear  with  the  depth  of  the  island.  However,  the  input  laser 
signal  is  exponentially  attenuated  by  the  absorption  coefficient 
of  the  material.  Therefore  it  is  the  photodiode’s  area  which  will 
directly  influence  its  responsivity.  Based  on  these  facts  it  is 
evident  that  the  photodiode  should  have  a  thin  structure  with 
sufficient  area  for  the  required  responsivity.  In  this  way  any 
mismatch  in  photocurrents  will  be  minimized  by  minimizing  the  total 
photocurrent . 

An  island  thickness  of  2.54  »m  was  chosen  to  maintain  a  small 
total  volume.  However  this  would  be  incompatible  with  bipolar  trans¬ 
istor  fabrication.  Therefore  the  two  die  approach  shown  in  Figure 
3.1  was  chosen.  The  four  30K  ohm  resistors  were  chosen  to  go  on 
the  photodiode  chip  since  their  fabrication  would  be  more  compact 
using  a  higher  sheet  resistivity  than  the  250  ohm/square  of  the 
amplifier  chip.  A  sheet  resistivity  of  1000  obm/squane  will  be 
used  for  these  resistors. 
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FTCCRE  3.1 


ECUD1HC  REgCJIREMENTS 
rmrp  to  cttp  bcnd  WIPES 

-  Channel  1  Stage  A,  output  to  resistor  HF1 

/  / 

-  Channel  2  Stage  A,  output  to  resistor  RF1 

-  Channel  1  positive  input  to  photodiode  and  resistor  R15 

-  Channel  2  positive  input  to  photodiode  and  resistor  R15 

-  Channel  1  negative  input  to  photodiode  and  resistor  HF1 

-  Channel  2  negative  input  to  photodiode  D£  and  resistor  HF1 

-  System  ground 

-  Systen  negative  power  supply  V“ 


»  8  Total  chip  to  chip  bonds 


CHIP  TO  PACKAGE  BOND  WIRES 
No  bond  wires  are  required  frcm  the  photodiode  chip. 
Fran  the  anplifier  chip  are  required: 

-  System  positive  power  supply  V+ 

-  System  negative  power  supply  V“ 

-  (Xrtput  of  channel  1 

-  Output  of  channel  2  V' 


=  5  Total  chip  to  package  bonds 


FIGURE  3.2 


.3 


Gala  Partitioning 


In  desi gni  ng  a  radiation-hardened  preamplifier  with  an  overall  gain- 
andwidth  product  as  large  the  one  required  here,  it  is  important  that  adequate 
onsideration  be  given  to  the  distribution  of  the  overall  preamplifier  gain, 
he  gain  of  the  preamplifier  is  3  megohms  of  transimpedance  under  worst  case 
anperature  and  process  variability  conditions.  This  worst  case  criteria  also 
pplies  to  the  specified  1  megahertz  bandwidth  parameter.  Process  variability  for 
oth  resistors  and  capacitors  is  -  10%.  The  worst  case  gain  situation  will  occur 
t  low  tenperature  combined  with  both  low  resistors  and  capacitors.  This  implies 
from  simulations)  that  a  nominal  element,  roan  t anperature  gain  of  4  megohms 
ill  be  necessary.  Likewise  for  bandwidth,  a  nominal  figure  of  2  megahertz  was 
hosen  to  guard  band  against  its  worst  case  situation,  which  will  occur  at  high 
anperature  combined  with  both  high  resistors  and  capacitors. 

Achieving  a  gain-bandwidth  product  of  this  magnitude  is  not  feasible 
ng  only  a  single  stage  due  to  stability  considerations.  Therefore  a  two 
ige  approach  was  chosen.  Figure  3.3  shows  the  partitioning.  The  resistor 
les  are  those  of  the  overall  circuit.  The  value  of  transimpedance  of  stage 
(30K)  and  gain  of  stage  A_  (133)  are  values  that  require  realistic  gain- 
jdwidth  products.  Simulations  show  that  under  this  configuration  over  45° 
phase  margin  can  be  obtained  from  each  stage. 

A  second  consideration  is  the  anplifier's  worst  case  input  offset  con- 
lition.  The  output  level  shift  caused  by  this  offset  must  still  allow  for  the 
■equired  maximum  output  voltage  swing,  which  in  this  case  is  about  half  of  a  volt. 

There  are  two  types  of  offsets  that  can  be  generated  at  the  inputs.  Each 
rtage  has  an  inherent  voltage  offset  due  to  Vgg  mismatches  in  each  respective  in- 
iut  stage.  This  offset  voltage  appears  at  the  output  amplified  by  the  voltage 
;ain  of  the  stage.  In  addition,  beta  degradation  and  mismatch  post -neutron  can 
ause  currents  (Figure  2)  and  I^_^  to  differ  by  as  much  as  2C%.  These 

rurrents  which  appear  across  the  respective  impedances  seen  at  the  input  ports 
dll  generate  an  additional  offset  voltage  which  is 

Vos  *  I1(+)  •  R15  -  Ij  •  RF1 

The  DC  voltage  gain  of  traits  impedance  Ai  is  unity.  Therefore,  this 
>ffset  voltage  appears  at  the  output  multiplied  by  the  voltage  gain  of  A2  which 
3  133.  This  same  current  induced  voltage  offset  will  occur  at  the  input  of  A2, 
jowever  here  the  impedances  seen  by  the  input  differential  pair  is  only  about  100 
>bms  so  the  voltage  generated  across  then  is  small. 

NPA  betas  may  fall  to  30  and  PNP  betas  to  15  at  the  specified  neutron 
.evel.  Therefore: 

Al^  •  HF1  ■  .44ua  x  30K  »  13.2  mV  (current  induced  offset) 
aI2  •  R31  *  2.4  ua  x  100  =*  .24  mV  (current  induced  offset) 


GAIN  PARTITIONING 


The  total  offset  voltage  multiplied  by  the  voltage  gain  of  the 
second  stage  brings  the  output  voltage  to  4.4  volts.  Therefore  a  one  half 
volt  swing  will  not  be  a  problem. 
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DI3ELECIRICALLY  ISOLATED  fi*  -  N~  -  FH7ICDICDE 


3.4.1  Theoretical  Analysis  of  Silicon  P+-  -N“  -Jft-  Photodiode  for  63288 
Laser  Detection. 

3. 4. 1.1  Theoretical  Analysis  of  Quantum  Yield  and  Photocurrent: 

The  theoretical  analysis  of  the  photo  response  for  a  silicon 
p+-  -a'  -  n+  photodiode  based  on  the  structure  shown  in  Figure  3.4.1a  is  pre¬ 
sented  in  this  report.  The  photodiode  structure  consists  of  a  p+  implanted 
layer  of  about  0.15um  thick,  and  n-  layer  of  4fi-on  and  2.5um  thick,  and  an  n+ 
buried  layer  of  about  2. Sum. 

The  spectral  response  of  the  photocurrent  and  quantum  yield  for 
this  photodiode  is  analyzed  as  follows: 

k  Figure  3.4.1b  shows  a  schematic  diagram  of  the  p+  -n~  -n+  photodiode 
under  reverse  bias  conditions.  Let  us  consider  a  He-Ne  laser  (6328ft)  imping¬ 
ing  on  the  pH-  surface  at  y  =  0.  The  rate  of  generation  of  photocarriers  is 
given  by 


Sg  (y)  »•  *Q  Cl-*)  2s7  (1) 

where  $  is  the  incident  photon  flux  density,  R  is  the  reflection  coefficient 
of  silicon. 


Under  steady  state  conditions,  the  total  photocurrent  density,  Jph’ 

produced  by  the  incident  photons  is  the  sun  of  the  electron  and  the  hole 
current  components  at  any  cross  section  of  the  photodiode,  which  can  be  ex¬ 
pressed  by: 


Jph  =  Jn  +  Jp  (yo)  “  Ja  Cyo)  +  Jp  (yl)  +  Ji  (2) 

where 

-  Jp  C?o)  -  Jp  C7l)  (3) 

In  Eq.  (2),  (yo)  denotes  the  electron  current  density  at  y  »  yo, 

JQ  (yl)  is  the  hole  current  density  evaluated  at  y  *  yl  and  Ji  is  the  component 

of  the  hole  current  density  arising  from  the  carrier  generation  in  the  intrinsic 
region  (i.e.,  n“  -  region).  To  find  the  function  dependence  of  the  photocurrent 
and  the  quantum  yield,  we  need  to  express  JQ  (yo),  Jp  (yl),  and  as  functions 

of  $  a,  (71~7o) ,  and  yQ.  Detailed  derivation  of  the  photocurrent  in  each  of 

these  three  regions  Ci.e. ,  0<y<yQ ,  y^y^y^ ,  and  y1<y<y2)  have  been  given  by  Li 

and  Lindholm  {1}  for  a  silicon  c-i-n  pbotodiode,  which  is  applicable  to  the 
present  case.  Thus,  the  pfaotocurrent  density  for  a  photodiode  shown  in  Figure 
3.4.1b  can  be  expressed  by  {1}: 
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Equation  (5)  reduces  to  that  of  "Gartner's  expression  if  y  and  R  are  set  equal 
to  zero  (2).  ° 


Now  we  can  apply  equations  (4)  and  (5)  to  compute  the  photocurrent  and  quantum 
yield  in  a  pH-  -n~  -n+  photodiode  shown  in  Figure  1.  The  specifications  for  the 
photodiode  studied  in  this  report  are  given  as  follows: 

Diode  Area:  *  39.3  Mil3  a  2.456X10-4  an3 

Junction  Depth:  (pH-  -  Layer)  yQ  *  O.lym  ■  10-3an 

Dopant  Density:  n~  -  Layer  »  10  cm”  ,^»4nco 

-  -4 

Thickness:  n  -  Layer  •*  y^-yQ  =»  2.5um=2.5xl0  cm 

Buried  layer  y9  -y1  =  2.5um  -  2.5x10  cm 

(n+  -  Layer) 

Thickness: 

15  2 

Incident  Photon  Pin  *  300nW,  $  ■  3.89x10  Photons/cm 
Power  Density:  u 

Incident  Photon  A  *  6328§  *  0.6328ym 
o 

<5 

Absorption  at  A  in  Si  a  *  3.5x10  cm 

Coefficient : 


Hole  Diffusion  L 3  0.01  cm 

Length  in  a"  -  p 
Region: 

Electron  Diffu-  L_  3  10~3an 
sion  Length  In 
pn-  -  Region: 
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Substituting  the  above  listed  numerical  values  for  different  parameters  in  Eqs. 
(4)  and  (5)  yields: 


=*  0.543mA/ an2,  and  n  a  0.873 

I.  -  1.33x10_7A  for  P.  =  300nw 
pn  xn 


The  above  results  are  obtained  by  assuming  that  "’be  reflection  loss  is  neglig¬ 
ible  at  the  surface  of  the  photodiode. 

Table  3.4.1  suamarizes  the  calculated  values  of  photocurrent,  quantum  yield 

and  responsivity  (assuming  R  *  0)  of  a  silicon  pt  -  n”  -  rtf-  photodiode  for 

different  junction  depths  (i.e. ,  different  thichnesses  of  the  p*  layer)  with 

P.  +  30Qnff. 
in  k 

Table  3.4. 1-Theoret ical  calculations  of  the  photocurrent ,  quantizn  yield,  and 
the  responsivity  of  a  silicon  p+  -n~  -  n+  photodiode  for  different 
junction  depths  (y„).  The  incident  laser  beam  (63288)  intensity  is 
assumed  equal  to  300  nff. 


Junction  Depth 
(70)  um 

Photocurrent 
**  (nA) 

Quantm  Yield  (n  ) 

Responsivity 

(A/W) 

0.10 

133 

0.873 

0.44 

0.15 

132 

0.865 

0.44 

0.20 

131 

0.856 

0.437 

0.25 

130 

0.848 

0.433 

0.30 

128 

0.84 

0.426 

0.40 

126 

0.825 

0.42 

0.50 

124 

0.809 

0.413 

It  is  noted  that  the  above  calculations  are  based  on  the  assumptions  that  the 
reflection  loss  is  negligible  and  the  dopant  densities  in  both  p+  -  and  n~  - 
layer  are  fixed.  A  change  in  the  dopant  density  in  both  p+  -  and  n~  -  layer  would 
in  general  change  the  quantun  yield  as  well  as  responsivity  of  the' photodiode. 


3. 4*1.2  ANTIHEFLECriCN  CAR)  COATTSGS 

In  order  to  reduce  the  reflection  loss  at  the  silicon  photodiode  surface, 
it  is  important  to  incorporate  the  AR  coatings  in  the  design  of  photodiode. 
Theoretical  considerations  for  the  AR  coatings  in  a  silicon  p+  -  n~  -  n+  photo¬ 
diode  are  described  as  follows: 

1*0.  single  Tsyer  AR  Coating 

To  achieve  a  mini  man  reflection  loss,  a  single  layer  dielectric  film  can  be 
coated  on  top  of  the  photodiode.  Dielectric  films  carmonly  used  in  AR  coatings 
include  Si02,  SiO,  Al^Oj,  Ti02,  Ta^Qg,  and  Si^.  To  obtain  minium)  reflection 

loss,  the  thickness  of  the  dielectric  film  can  be  chosen  to  be  equal  to  quarter 
wavelength  of  the  incident  photon.  For  examples,  if  S10o  film  is  chosen,  then 


with  *  1.5  for  SiO^  and 


63288^  =  x 


6328a  =  10558 


4n^ 


If  Si_N.  is  chosen,  then  with  a-  =  2.0,  cL  =  63288  =  78l8 
J  x  L  4x2 


The  reflection  loss  can  be  calculated  fron 


W  f(nl2-ao“2>  |  2 


L(nl  *o0n2)J 

Where  n^  is  the  index  of  refraction  of  the  dielectric  film,  nQ  is  the  index  of 
refraction  of  air  and  el,  is  for  silicon. 

For  the  case  of  Si02  -  Si  systan  the  reflection  loss  is  only  about  7%  when  110o8 
Si02  is  deposited  on  silicon  photodiode.  For  Si^N^  -  Si  case  reflection  loss  is 
only  0.016%  if  80oS  Si^N^  AR  coating  is  used! 

The  above  theoretical  calculations  show  clearly  that  the  reflection  loss  in  a 
silicon  photodiode  can  be  reduced  to  near  zero  by  simply  anploying  a  single  lay¬ 
er  of  dielectric  film  (i.e. ,  Si02,  or  Si^)  as  AR  coating  on  the  silicon  photodiod 

2.0.  Double  Layer  AR  Coating 

In  addition  to  the  single  layer  AR  coating,  one  can  also  use  double  layer  AR  coat¬ 
ing.  In  this  case,  two  different  types  of  dielectric  film  each  with  a  quarter 
wavelength  thick  can  be  applied  to  the  photodiode  surface  as  AR  coating.  The 
minimum  reflection  loss  can  be  calculated  by  using  the  expression: 


Rmin  T “1%  ‘  “A* 


“l  °3  +  a2  ao 


Where  n  is  the  index  of  refraction  of  air,  n_  is  the  index  of  refraction  for  the 
o  • 

first  AR  coating  layer  and  02  is  for  the  second  coating  layer,  and  n^  is  the  index 
of  refraction  for  the  silicon  substrate. 

If  the  thickness  of  Si02  and  Si^  AR  coatings  were  chosen  to  be  i  wavelength  of 

incident  Radiation,  then  the  thicknesses  of  these  two  layers  are  given  respectively 
by  dj.  ■  1055a  (for  Si02)  and  =  7908  (for  Si^),  and  the  reflection  loss  cal¬ 
culated  frcm  Eq.  (7)  is  0.14  which  is  considerably  higher  than  the  single  layer 
AR  coatings  calculated  earlier. 

Table  3.4.2  sumarizes  the  calculations  of  AR  coatings  for  the  silicon  p+  -  n"-n+ 
photodiode  reported  here. 


Table_3.4.2  -  Single  layer  and  double  layer  AR  coatings  for  silicon 
P+-  -n  -n+  photodiode. 


Dielectric  Film 

Thicimess 

a  (2) 

Minimum  Reflection  Loss 

R  (at  63282) 
rn 

Refractive 

Index 

Si02 

1055 

7% 

1.5 

¥4 

781 

0.016% 

2.0 

Ta205 

703 

0.3% 

2.25 

Si02/S¥4 

1055/781 

14% 

1. 5/2.0 

3. 4. 1.3  SQfllAHY 

In  this  discussion ,  we  have  shown  theoretically  that  a  re- 
sponsivity  of  around  0.45  A/W  can  be  achieved  by  using  the  proposed 
geometry  and  structure  in  the  p+-  -n~  -n+  silicon  photodiode.  The  reflec¬ 
tion  loss  can  be  minimized  to  a  negligible  level  if  a  single  layer  die¬ 
lectric  film  such  as  SiCL  or  Si_N.  with  thiciness  equal  to  the  quarter 
wavelength  of  the  laser  radiation ^is  used  as  AR  coating  for  the  photodiode. 

HhFhRENCES 

1.  S.  S.  Li  and  F.  A.  Lindbolm,  "Quantum  Yield  of  a  p-i-n  photodiode", 
Phys.  Stat.  Sol.  (a)  15,  237  (1973). 

2.  W.  W.  Gartner,  Phys.  Rev.  116,  84  (1959). 
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(i)  Reverse  Leakage  Current  (I^) : 

The  reverse  leakage  current  in  the  p+  -n“  -n+  photodiode  can  be  cal¬ 
culated  £rcm 

hi  11  “i  *D  Aj  (U) 

~ »r 

Where  n^  is  the  intrinsic  carrier  density,  is  the  deletion  layer  width, 
is  the  junction  area,  and  t^  is  the  carrier  lifetime. 

Far  large  reverse  bias  (V^  <  -4.2V),  the  depletion  layer  width  is  given  by 
W^  »  Wjj.  »  2.5um 
If  t.  >  100  ns  -  10_7s,  then 

^  *  1.6  x  10"19  X  1.4  X  1010  x  2.5  x  10"4  x  2.456  x  10"4 

_7 

2  x  10 

=»  6.877  x  10“10A  at  300K 


(ii) 


Junction  Capacitance  of  the  p+  ~a~  ~a+  Photodiode 


from 


The  junction  capacitance  for  the  p+-  -n~  -n+  photodiode  can  be  calculated 


A1  Cio 
>1  -  V, 


(BL) 


where 


Aj  -  2.456  x  10*4  cm2 


B 


¥ 


K 


0.5756V 


n  n. 


fq  egN 


i*  -  1.2  x  10-8  F/aa2 


v2«. 


B 

C_  -  3.1  ,  PF 

j  (T-f775“Vj  r 


(B2) 


where  v^  is  the  bias  voltage. 
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For  example  : 


at  V  *  -10V,  C  =  0.72pF. 

The  capacitance  due  to  SiOg  isolation  around  the  photodiode  can  be  estimated  by 

ci-  ffa 

t0X 

_  _4  o 

where  =  4,  *  2.775  x  10  an  ,  t  *  l.Sum 

Cj  -  0.546pF 

Lii. )  Ganma  Radiation  Current  (Ipp) 

The  ganma  radiation  current  can  be  calculated  fran  the  following  ex¬ 
pression: 

Ipp  =  qgQ  Aj  (Wp  +  L)  y  (Cl) 

13 

where  gQ  =  4x10  /Rad 

For  the  p+  -n  -n+  photodiode  considered,  Wp  *  Wq  *»  2.5um,  the  effective  diffusion 
length  in  the  buried  layer  is  essentially  the  thickness  of  this  layer  (W_  ) ,  thus 

OLj 

L  -  W  9  - 
BL  2'5um 

and 

Ipp/Y  -0.81  PA/rad/S 
If  Y  3  107  Rads/S  then 
Ipp  3  8 . luA 


3.4.2 


This  section  describes  the  process  employed  to  fabricate  the  photo¬ 
diodes.  Both  the  dielectric  isolated  materials  process  and  the  frontside  wafer 
fabrication  process  will  be  described  as  well  as  the  process  permutations  em¬ 
ployed  on  the  first  run  of  photodiodes. 

3.4. 2.1  Materials  Fabrication  Process 

1.0  Starting  Substrate: 

Resistivity:  3-5  oha-car  N-type 


Orientation: 


<l-0-0> 


15  -3 

Background  Concentration:  ^10  an 
Diameter:  3  -  inch 
2.b  Buried  Layer  Formation: 

After  the  buried  layer  pattern  is  defined  in  the  field  oxide,  the 
buried  layer  is  formed  via  a  two  step  ion  inplantation  and  diffusion  operation. 
The  final  buried  layer  process  parameters  are: 

Ps  =25  ohns/sq. 


x.  *  2.5  u 

J 


14  x  1019  ct“3 


3.0  Dielectric  Formation: 

The  dielectric  isolation  is  delineated  in  the  field  oxide  followed  by 
an  anisotropic  silicon  etch  to  form  the  isolation  moats.  The  precise  geometry 
of  the  moats  is  defined  by  the  isolation  photoresist  pattern  and  the  fact  that 
the  etch  proceeds  down  the  <1-1-1>  plane.  Following  the  moat  etch,  the  dielectric 
oxide  is  thermally  grown. 

*0*  "  1‘°  * 

4.0  Polycrystalline  Silicon  Deposition: 

The  polycrystalline  silicon  is  chemically  vapor  deposited  to  achieve 
the  final  substrate  thickness  of  ^  25  mils. 

5.0  Final  Polish: 

The  wafers  are  then  chenically-raechanically  polished  to  the  speci¬ 
fied  isolated  island  thickness  of' 5  -  7.5  microns. 

3.4. 2.2  Wafer  Fabrication  Process 

1.0  Initial  Oxidation: 


The  first  step  in  the  wafer  fabrication  process  is  a  thermal  oxidation 
to  grow  the  field  oxide  followed  by  a  crystal  anneal  to  anneal  out  the  mechanical 
polish  damage. 

“  0-4  u 


2.0  N+  Cathode  Contact: 

Following  a  photoresist  operation  to  delineate  diffusion  apertures 
to  the  a'  cathode,  the  n+  cathode  contact  is  formed  by  a  two  step  phosphorus 
predeposition  and  diffusion  operation .  This  process  results  in  the  following 
parameters: 

p  s  »  10  ofams/sq. 

Xj  ■  2.5  y 

C  -  3.0  x  1020  cm'3 
s 

3.0  P+  Anode  Contact: 

After  the  P+  aperture  pattern  is  etched  in  the  field  oxide,  the  P+ 
anode  contacts  are  formed  with  a  two  step  boron  predeposition  and  diffusion 
process.  The  resulting  parameters  are: 

Ps  *  125  ofems/sq. 

Xj  -  0.6  a 

C  »  4.0  x  1019  an"3 
s 

4.0  Anode  Formation: 

A  5  mil  radius  circular  pattern  is  etched  in  the  field  oxide  for  the 
anode  of  the  photodiode.  Subsequent  to  the  etching  operation,  HOC®  of  thermal 
oxide  is  grown  in  the  opened  anode  area.  This  oxide  serves  to  control  th£  peak 
of  the  anode  ion  implantation.  Boron  is  then  ion- implanted  to  farm  the  p  anode. 
The  following  are  the  ion  inplantation  parameters: 

Energy  ■  100  KeV 
-3 

Dose  »  2.3  x  10  coul. 

Projected  Range  ■  0.12  u 

19  -3 

Peak  Concentration  *  2.5  x  10  an 

5.0  Antireflection  Coating  and  Si^N^  Passivation: 

If  a  silicon  nitride  AR  coating  is  desired,  then  the  11008  of  thermal 
oxide  is  removed  from  the  anode  area  and  800®  of  silicon  nitride  is  chemically 
vapor  deposited-  over  the  wafer.  If  an  Si02  AR  coating  is  preferred,  then  the 

HOOS  of  thermal  oxide  is  left  over  the  anode  and  the  80oS  of  silicon  nitride 
is  later  etched  from  the  anode  area,  exposing  the  1100a  SiC^  AR  coating. 

6.0  Contact  Apertures: 

The  contact  aperture  pattern  is  plasna  etched  in  the  silicon  nitride 
and  the  underlying  thermal  cxide  is  dipped  out  creating  the  anode  and  cathode  con¬ 
tact  apertures. 


7.0  Interconnect  Foimaticr? 

A  l,2u  t flick  aluminum/2%  silicon  film  is  sputtered  over  the  wafer  and 
the  interconnect  pattern  is  then  delineated  in  this  film. 

8.0  Passivation  and  Backlap : 

An  800C&  film  of  SiO-  is  chemically  vapor  deposited  over  the  wafer 
to  serve  as  a  passivation  layer.  The  bond  pad  pattern  and  the  anode  of  the  photo¬ 
diode  is  etched  in  the  passivation  oxide.  The  wafers  are  then  thinned  to  the 
final  die  thickness  of  H  mils. 

3. 4. 2- 3  Vertical  Cross-Section 


Figure  3.4,2  depicts  the  vertical  cross-section  of  the  dielectrically 
isolated  photodiode. 


3.4.2'4  Process  Permutations 

To  establish  an  optimum  process  for  the  photodiode  fabrication, 
several  process  permutations  were  employed  on  the  1st  run. 

±1  Buried  Layer  vs.  No  Buried  Layer: 

Wafers  1  -  10:  Buried  Layer 

Wafers  11  -  20:  No  Buried  Layer 

2)  Antireflection  Coating: 

Even  numbered  wafers:  Silicon  nitride  AR 

Odd  numbered  wafers:  Silicon  Dioxide  AR 


3)  Crystal  Anneal : 

Anneal  JH:  Wafers  6-1Q  and  16-20 

Ramped  initial  oxidation  and  anneal 
Anneal  #2:  Wafers  1,  1,  H  and  12 

Harris  standard  initial  oxidation  and  anneal 
Anneal  £3,:  Wafers  3,  4,  5  and  13,  14  and  15 

Harris  standard  initial  oxidation  with  oo  anneal 
3.4.4. 0  Preliminary  Results 

The  responsivity  and  dark  currents  with  and  without  radiation  and  the 
pbotocurrent  generation  constant  of  the  various  process  permutations  were  eval¬ 
uated  by  Hbneywll  personnel,  This  section  sumarizes  the  results  of  those 
evaluations. 
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2BUZED  VERTICAL  STRUCTURE 
CF  RtOTCDICDE 


PCIYCHYSPLLi'E  SIUCT 


r 


H*  Buried  Laver 

C3  —  1.0  x  1013  oaf3 

N  tMcimess  ■  2.5u 
Laver 

^Ux  1015  ca*3 
TblcJsness  »  2.5u 
Anode 

C(Psak)  *  2.5  x  1019  CT“3 
T  -  0.12a 


P  Anode  Contact 
Cs^  4.0  x  lCT19  ca*3 

Penetration  »  G.Su 
■V~*  CatOcde  Contact 
Css:  3.0  x  1C20  ca*3 
M**  Penetration  =*  2.5a 


Figure  3.4. 2 


PROCESS  DESCRIPTION:  FBOTCDICDE  PREAMP 


The  preamp  uses  a.  standard  Harris  linear  process  featuring  dielectric  isolation, 
complementary  NPN/PNP  devices,  'ACS  capacitors  and  implanted  high  sheet  resistors 
The  process  description  will  be  divided  into  a  material  fabrication  section  and 
a  frontside  processing  section.  Material  fabrication  covers  the  sequence  fran 
starting  material  to  slice  grind  and  polish,  frontside  processing  covers  initial 
oxidation  through  backlap . 

1.  MATERIAL  FABRICATION.  This  sequence  is  outlined  below. 

Initial  Oxidation 

P  Collector  Photoresist  and  Etch 

?  Collector  Diffusion 

N+-  Buried  Layer  Photoresist  and  Etch 

N-f-  Buried  Layer  Diffusion 

Isolation  Photoresist  and  Etch 

Anisotropic  Moat  Etch 

Isolation  Oxidation 

Polycrystalline  Si  Deposition 

Front  Side  Lap  and  Polish 

Initial  oxidation  grows  a  masking  oxide  on  the  polished  slice.  Starting 
resistivity  is  3-6  obm-cm;  orientation  is  1-0-0;  slide  diameter  is  3”; 
and  slice  thickness  is  20  mils. 

P  collector  photoresist /etch  defines  collector  areas  for  PNP  devices. 

P  collector  diffusion  establishes  a  deep,  lightly  doped  boron  diffusion 
for  use  as  a  PNP  collector.  (Figure  3.5,1). 

N*  buried  layer  PR  and  diffusion  establishes  a  heavily  As  doped  layer  used 
as  a  low  resistivity  subcollector  for  the  NPN  devices.  (Figure  3.5.2) 

-  Isolation  photoresist  defines  the  isolation  grooves. 

Isolation  etch  is  anisotropic;  the  etch  will  stop  on  the  1-1-1  plane  and 
hence  the  groove  depth  is  defined  by  its  width.  ("Figure  3.5.3) 

Isolation  oxidation  is  performed  next;  oxide  thickness  is  1.8  a  nominal 
for  defect  density  reduction.  See  Figure  3.5.4 

Polycrysrtalline  silicon  is  then  deposited  to  a  thickness  of  approx.  25  mils. 
This  pol7  forms  the  substrate  of  the  dual  slice.  (Figure  3.5.4) 

The  original  single-crystal  slice  is  then  ground  away  and  the  resulting 
structure  is  polished.  The  result  is  a  largely  polycrystalline  slice  with 
isolated  regions  of  single-crystal  Si.  Note  that  both  P  and  N  type  regions 
are  available  and  that  the  N  region  also  was  an  N+  buried  layer.  The  slice 
has  completed  material  fabrication  at  this  point.  Figure  3.5.5  illustrates 
the  finished  structure . 
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FRONTSIDE  PROCESSING.  Sequence  is  given  below. 

High  Temperature  Crystal  Anneal 
N-Bose  Photoresist  and  Oxide  Etch 
N-Base  Diffusion 

P-Base  Photoresist  and  Oxide  Etch 
P-Qase  Diffusion 

P-Bnitter  Photoresist  and  Oxide  Etch 

P-Bnitrter  Diffusion  -  PNP  Transistor  Beta  Piloted 

N-Bnitter  Photoresist  and  Oxide  Etch 

N-Bnitter  Diffusion  -  NPN  Transistor  Beta  Piloted 

Capacitor  Photoresist  and  Oxide  Etch 

Capacitor  Low  Temperature  Oxidation 

Implanted  Resistor  Photoresist  and  Oxide  Etch 

Resistor  Low  Tsnperature  Oxidation 

Resistor  Implantation 

Contact  Photoresist  and  Oxide  Etch 

Sample  Probe 

Aluninum  Evaporation 

Aluminum  Photoresist  and  Metal  Etch 

SIO2  Deposition 

Contact  Base 

SI02  Photoresist  and  Oxide  Etch 

Stabilization  Base 
Sample  Probe 

RarkT  ap 

A  high  temperature  crystal  anneal  follows  the  1100°  initial  oxidation;  it 
stabilizes  the  structure  and  reduces  defects. 

N  base  PR  and  diffusion  establishes  the  PNP  base.  (Fig.  3.5.6) 

P  base  PR  and  diffusion  establishes  the  NPN  base.  (Fig. 3.5,7) 

P+  PR  and  diffusion  completes  the  PNP  device;  a  piloting  procedure  controls 
device  beta.  Contact  regions  for  the  NPN  base  and  PNP  collector  are  also 
formed  at  this  step.  (Fig.  3.5,8) 

N  +  PR  and  diffusion  completes  the  NPN  device;  again,  piloting  controls 
NPN  beta.  PNP  base  and  NPN  collector  contact  regions  are  also  formed. 

(Fie-  3.5.9) 

Capacitor  photoresist  opens  the  capacitor  dielectric  area  located  over  a 
P  +  diffusion  used  for  the  lower  capacitor  plate.  A  low  temperature 
oxidation  is  then  used  to  grow  a  precisely  controlled  oxide  layer  of  2000  8 
nominal  thickness.  (Fig. 3.5. 10) 

The  implanted  resistors  are  defined  next;  a  thin  oxide  layer  is  grown  in  the 
resistor  geometries. 

The  resistor  is  implanted  using  an  80  keV  boron  implantation.  Note  the 
resistor  end  caps  are  P  +;  also  the  boron  implantation  is  through  a  thin 
oxide  to  prevent  excessive  surface  damage.  Figure  3.5.10  gives  the  re¬ 
sistor  structure.  Nominal  sheel  resistivity  is  1000  otms/square. 
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-2-  FRCWTSHE  PROCESSING  -  continued 

-  Contact  photoresist  establishes  apertures  for  ohmic  contacts  to  the  devices. 
(Jig.  3.5.11) 

-  A  sample  probe  is  performed  next;  device  betas  and  breakdowns  are  checked. 

-  An  E-beam  evaporation  of  pure  aluminum  follows;  metal  thickness  is  1.2  u. 

The  layer  is  then  delineated  to  form  the  interconnect  pattern.  (Fig.  3.5.12) 

-  A  silax  deposition  follows;  this  CVD  Si02  layer  provides  passivation  and 
scratch  protection.  (Openings  to  enable  bonding  are  defined  by  a  photo¬ 
resist  operation. 

-  A  stabilization  bake  is  next;  it  is  followed  by  a  detailed  sample  probe  of 
device  parameters  and  by  Racklap  of  the  completed  slice  to  a  thickness  of 
10-12  units. 
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Figure 


MOS  Capacitor 


3.5. 


FICUFFH?  3.f 


3.6  Radiation  Effect  Modeling 

The  crux  of  the  radiation  hardening  effort  of  the  DINS  photopreamp 
lies  in  the  structure  of  the  two  op  amp  stages.  This  structure  resettles  that 
of  an  advanced  radiation  hardened  op  amp  now  being  developed  by  Harris'  Programs 
Division.  The  fabrication  of  the  preamp  will  be  Implemented  by  utilizing  Harris' 
radiation  hardened  linear  process. 

Neutron  and  Total  Dose  Modeling 

The  primary  effect  of  neutron  and  total  dose  radiation  is  a  re¬ 
duction  in  current  gain  and  an  increase  in  the  resistivities  of  the  lightly 
doped  collector.  At  the  radiation  spec  level  of j,  minimum  betas  of  30  and 
15  can  be  expected  for  the  NPN  and  FNP  devices  respectively.  The  collector 
resistance  of  NPN  devices  increases  by  a  factor  of  four  and  by  a  factor  of  1.  5 
for  the  PNP.  All  post  neutron  computer  similations  have  taken  these  facts  in¬ 
to  account.  Gunnel-Poon  model  parameters,  both  pre  and  post  radiation  were 
used  for  SPICE  II  circuit  simulation  of  the  preamplifier  under  these  conditions 


Transient  Gamma  Modeling 

The  predominant  effect  of  a  circuit's  exposure  to  gamma  radiation  is 
the  generation  of  electron-hole  pairs  within  the  space-charge  regions  of  re¬ 
versed  biased  junctions  in  the  circuit.  This  generation  of  carriers  causes  a 
current,  I_  (primary  photocurrent),  to  flow.  These  photocurrents  may  disrupt 
the  normaroperating  conditions  of  the  circuit  sufficiently  to  cause  a  spurious 
output  signal  to  be  produced. 

By  the  judicious  placement  of  compensating  reverse  biased  junctions  on 
critical  nodes,  these  photocurrent  effects  may  be  minimized.  Figure  3.6.1  shows 
how  this  compensation  schone  is  used.  Also  shown  are  the  polarities  of  the 
generated  currents .  In  computer  simulations  of  these  photocurrents,  current 
generators  of  appropriate  magnitude  (function  of  island  volume)  are  placed  in 
parallel  with  all  reversed  biased  junctions  including  ion-implanted  resistor 
islands.  These  islands  are  tied  off  to  the  more  positive  end  of  the  resistor 
and  depending  on  the  voltage  drop  across  the  resistor,  up  to  one  half  of  the 
island  volume  may  be  depleted  due  to  the  voltage  gradient  set  up  across  the  resis¬ 
tor.  With  the  generators  in  place,  a  transient  simulation  will  show  what  effects 
the  specified  level  of  radiation  will  produce. 

Computer  sensitivity  analyses  show  that  the  photocurrents  generated  by 
the  reversed  biased  photodiode  junctions  at  the  input  are  the  most  critical. 

These  are  applied  cannon  mode  to  the  preamplifier  however  any  mi  snatch  in  photo¬ 
diode  volume  implies  a  mismatch  in  photocurrent  and  this  mismatch  appears  diff¬ 
erentially  across  the  input.  Table  3.6.1  shows  percent  mi  snatch  of  photodiode 
volume  versus  signal  to  noise  ratio.  Note  that  this  is  assuming  a  perfect  match 
between  paired  photocurrents  elsewhere  in  the  system.  Also  shown  on  Table  3.6.1 
are  typical  signal  to  noise  ratios  for  nominal  system  conditions. 

Prompt  Ganna  Survival 

Under  very  Large  v  environments ,  the  major  concern  is  tc  prevent  either 
aluminum  interconnect  fusing  or  secondary  junction  burn-out  due  to  surge  currents 
(assuming  all  devices  became  shorts).  This  is  accomplished  in  the  preamplifier 
design  by  using  limiting  resistors  RLDU  through  RLXM9.  These  are  N+  resistors 
with  a  pre-radiation  value  of  50  ohns. 
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The  secondary  concern  is  the  part's  recovery  time  after  such  an 
event.  A  worst-case  computer  simulation  has  been  performed  using  photo¬ 
current  sources  generating  1(30  milliampere,  100  nanosecond  wide  pulses  across 
every  reversed  biased  junction  in  the  circuit.  The  result  of  this  simulation 
is  shown  in  Figure  3.6.2.  Under  this  condition,  recovery  time  is  in  the  order 
of  10  microseconds. 


y  COMPUTER  MODELING 


THE  GAMMA  RAOIATION  CURRENT  CAN  BE  CALCULATED  FROM  THE 
FOLLOWING  EXPRESSION: 


Ipp  (7)  =  qg0  VoL  7 

WHERE  <Jo  =  4xlOi3/rQd-cm3 


COMPUTER  MODELS 


TYPICAL  COMPENSATION  SCHEME 


QI4  COMPENSATES  QI8 
ANO  Q4IC  IN  TURN 
COMPENSATES  QI4 


-  V 


Figure  3.6.1 
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TASTE  3.6.1 


Assuqstioos: 


VHn-ifflim  input  laser  signal  of  300  NW  and'  spec  radiation. 

Four  megohm  nominal  trans impedance 

.44  amp/watt  photodiode  responsivity 

8.25  ua  photodiode  photocurrent 

All  other  matching  is  absolute 


Signal  to  Noise  Ratio  %  Mismatch  in  Photodiode  Volune 


1.6  to  1 

1% 

.8  to  1 

2% 

.53  to  1 

3% 

.4  to  1 

4% 

.32  to  1 

5% 

Under  typical  system  conditions  of  twice  the  worst  case  minimum  laser  signal 

and  a  gaxnna  rate  level 

one  older  of  magnitude  less  than  the  specification  level 

Signal  to  Noise  Ratio 

%  Mismatch  in  Photodiode  Volume 

32  to  1 

1% 

16  to  1 

2% 

10.6  to  1 

3% 

8  to  1 

4« 

6.4  to  1 

5% 

43 


figure 


3.7 


Thermal  Noise  Analysis 


As  previously  stated,  the  noise  signal  generated  as  a  result  of  a 
transient  ganma  event  is  the  largest  noise  contributor  in  the  system.  How¬ 
ever,  for  completeness  a  thermal  noise  analysis  was  performed  over  tsnp- 
erature  to  insure  that  these  components  were  negligible.  The  simulation  re¬ 
sults  showed  the  total  output  thermal  noise  voltage  to  be  two  orders  of  mag¬ 
nitude  less  than  that  generated  by  a  1 %  tnisnatch  in  photodiode  volume.  At 
250C  the  output  noise  voltage  was  7  millivolts,  8.77  millivolts  at  125°C 
and  6.5  millivolts  at  -55°C. 


4.0 


emauT  desoupticn 


4.1  General  Overview 

Shown  in  Figure  4.1  is  the  schematic  diagram  of  the  preanplif  ier .  As 
mentioned  earlier,  the  overall  structure  is  that  of  two  similar  radiation 
hardened  op  aoqp  stages  in  cascade.  There  are  sane  variations  betwe«i  the 
two  due  to  different  gain-bandwidth  products,  stability  requirenents  and  short 
circuit  protection  requirements. 

The  transimpedance  gain  of  the  first  stage  Ai  is  3CK  and  is  set  by 
feedback  resistor  RF1.  Its  closed  loop  bandwidth  is  set  by  the  closed-loop 
pole  obtained  between  RF1  and  lead  compensation  capacitor  GF.  The  bandwidth  is 
a  nominal  value  of  2  megahertz.  Elements  R15  and  CIN  are  used  to  match  the 
impedance  seen  at  both  input  ports.  This  is  important  in  order  to  minimis 
current  induced  voltage  offset  and  also  to  balance  the  photocurrents  gen¬ 
erated  at  the  input  by  these  resistors.  The  open  loop  bandwidth  of  Ai  is  set 
by  CCX^MPl  and  the  gnof  the  input  stage,  using  the  classical  dominant  pole 
approach.  It  is  a  nominal  value  of  8  megahertz.  Only  2  megahertz  was  required 
for  the  gain-bandwidth  product  of  A^  (voltage  gain  is  unity  in  this  stage)  how¬ 
ever  any  further  reduction  would  require  a  larger  value  CCCMP1.  At  its  present 
value,  the  phase  margin  of  the  stage  is  greater  than  45°.  The  value  of  CCCMP1 
is  50  pf  (relatively  large).  Any  further  lowering  of gm will  increase  the 
amplifier's  photocurrent  sensitivity  due  to  the  reduction  in  operating  current 
in  the  input  differential  pair. 

Figure  4.1  also  shows  the  input  photodiode  D.,  and  the  compensating 
masked  photodiode  D-.  0-  is  required  to  provide  matched  (cannon-mode)  photo- 

currents  to  the  preamplifier  during  a  transient  gamma  event.  Eu  also  assures 
a  match  in  impedances  seen  by  both  input  terminals.  During  circuit  simulations 
both  photodiodes  were  modelled  as  capacitors  whose  value  was  the  sum  of  the 
diode's  depletion  and  isolation  capacitances.  A  worst  case  figure  of  6  pf  was 
used. 


The  second  stage  A2  is  a  non- inverting  amplifier  in  a  gain  of  133. 

The  closed  loop  voltage  gain  is  set  by 

RF2  +  R31 
R31 

Resistor  R32  matches  the  impedances  seen  by  both  input  ports  of  A2 •  This  re¬ 
sistor  shall  be  a  P+  resistor  thereby  generating  very  low  radiation  currents. 

There  are  four  ion- implanted  resistors  in  the  circuit  whose  islrnds 
shall  not  be  tied  off  to  the  more  positive  side  of  the  resistor.  These  are 
R15,  HF1,  RF2  and  R31.  Depending  on  the  offset  condition  of  Ai  and  A2,  these 
resistors  may  have  voltages  of  either  polarity  across  than.  If  ley  were  tied 
off  one  could  establish  a  forward  biased  junction  between  the  P  implant  and  the 
N  ~  island. 
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FIGURE  4.1 


The  case  of  resistors  RF2  and  R31  is  more  complex.  These  two  re¬ 
sistors  have  significantly  different  values  (HF2  »  13. 2K  and  H31  »  100  ohms) 
however  since  they  set  the  gain  of  A2  they  must  ratio.  In  addition,  their 
pfaotocurrent  generation  must  be  mutually  compensating  in  order  that  no  diff¬ 
erential  voltage  appears  at  Aq ' s  input.  The  approach  that  was  chosen  dic¬ 
tated  HF2  to  be  built  as  eleven  1.2K  series  connected  resistors  in  separate 
islands  and  R31  to  be  tsrelve  1.2K  parallel  connected  resistors  in  separate 
islands.  This  resolves  the  ratio  tracking  problem  but  leaves  R31  generat¬ 
ing  twelve  times  the  pfaotocurrent  of  RF2.  This  was  resolved  by  paralleling 
eleven  dunny  islands,  whose  volume  matches  that  of  a  1.2K  resistor,  with  RF2. 

A  summary  of  this  compensation  scfasne  is  shown  in  Figure  4.2. 

A  gain  of  133  for  A2  implys  this  stage  must  have  a  gain-bandwidth 
product  of  greater  than  250  megahertz.  This  figure  would  be  unreasonable 
if  the  amplifier  were  required  to  be  stable  at  a  closed  loop  gain  of  unity. 
However  at  a  gain  of  133,  greater  than  45  degrees  of  phase  margin  has  been 
achieved.  Emitter  degeneration  resistors  R35  and  R36  tend  to  reduce  the  gn  of 
the  input  stage.  However  they  are  required  to  aid  in  the  stability  of  Ai.  The 
of4  A2's  input  stage  is 


gm  a 


1 


R35  +  2 


KT 

q-I-Q47 


The  collector  current  of  Q47  is  185  microamps  and  therefore  gm  is  780  microhms 
Gain-bandwidth  product  is  defined  as 


GBW  =* 


SL 

2ttC 


Here  C  is  element  CCCMP2  or  .45  pf  therefore  the  gain-bandwidth  product  of  A2 
is  276  megahertz. 

When  reading  the  system  schematic,  all  device  names  with  a  trailing  C 
in  the  name  are  pbotocurrent  compensation  devices  and  are  reverse  biased. 

TABLE  4.1  lists  gain-bandwidth  requirements,  actual  total  power  dissipation 
and  actual  pre  and  post  radiation  steady-state  output  voltages. 

4.2  Biasing 

Both  stages  Al  and  A2  are  biased  from  a  cannon  voltage  reference  con¬ 
sisting  of  D21,  027,  028  and  029  however  each  stage  maintains  its  own  isolated 
and  PNP  base  biasing  rails.  R24  sets  up  a  current  of  275  ua  to  bias  the 
zener  ON.  Devices  Qll  and  057  then  set  up  reference  currents  for  the  four 
independent  base  rails  located  at  the  bases  of  Q9,  Q14,  Q55  and  Q60. 

4.3  Input  Stages 

The  inputs  stages  of  Al  and  An  differ  in  structure.  For  Ai  in  NPN/PNP 
modified  Darlington  configuration  was  chosen  (Q31-Q1  and  Q32-Q2).  The  necessity 
for  this  type  of  configuration  here  is  due  to  post-neutron  bandwidth  reduction  due 
to  a  lowering  of  gm.  The  expression  for  gm  of  a  differential  pair  is 


gm  = 


2 


_ 1 

r-0  +  Rs  +  re 

.  sa 
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TABTJ!  4.1 


ELECTRICAL  PERFORMANCE 


GBW  mdUOlRUD  ACTOAL 


2  mHz 

8  wflfe 

A^  266  mHz 

276  mHz 

ACTOAL 

POWER  DISSIPATION  (Two  Channels) 

TEMPERATURE 

212  Milliwatts 

25°C 

220 

125°C 

208 

-55°C 

* 

AC  STEADY-STATE  OCTPUT  VOLTAGE 
{Assuming  ao  offsets) 

PRE-RAD  V  out  (SS  AC)  *  526  Millivolts 

POST-RAD  V  out  (SS  AC)  -  519  Millivolts 

(Neutron  Spec) 

These  outputs  ^re  obtained  based  on  a  minirnun  300  nanowatt  laser 
signal  and  a  photodiode  responsivity  of  .44  amps /watt.  The  corresponding  steady 
state  AC  input  signal  used  was  132  nanoamperes. 


Where  rb  is  the  base  spreading  resistance,  re  is  the  dynamic  input  impedance 
and  Rg  is  a  source  impedance.  For  a  radiation  insensitive  gm  it  is  desirable 
that  the  second  term  be  drminant  since  it  is  not  beta  dependent .  If  a  simple 
differential  pair  were  used,  Rg  would  actually  be  R15  or  RET  (30K).  Therefore 
under  post  radiation  conditions,  betas  would  not  be  large  enough  to  adequately 
swamp  out  this  tern.  Using  the  Darlington  approach,  the  gm  expression  is 


gm  3 


rbl  +  Rs  +  rb31 


3o 


+  r 


el 


and  the  Rg  term  now  is  effectively  buffered. 

The  input  stage  of  A2  sees  a  low  source  inpedar.ee.  At  the  non- 
inverting  input  this  consists  of  R32  in  series  with,  the  output  of  Ai  and  approx¬ 
imately  R31  in  parallel  with  RF2  at  the  inverting  input.  Therefore  a  simple 
differential  pair  was  chosen.  Upon  initial  simulation  of  the  open  loop  gain 
of  Ai  10  DB  gain  peak  was  detected  around  50  megahertz.  The  peak  was  caused 
by  the  fact  that  at  50  megahertz  the  feedback  factor  of  .42  was  low  enough 
that  A2's  input  impedance  began  to  look  capacitive.  At  the  same  time,  at 
high  frequencies,  the  impedance  looking  into  the  emitter  of  a  follower  stage 
emulates  an  inductor.  This  creates  a  now  well  known  tank  circuit  effect. 

Two  changes  were  the  key  to  the  renewal  of  the  peak  to  obtain  the  smooth  roll¬ 
off  characteristics  presently  seen.  First,  emitter  degeneration  resistors  R35 
and  R36  were  used  to  increase  the  -art  of  A2‘s  input  impedance.  Second, 
capacitor  CE  in  Ai  in  parallel  with  the  dynamic  impedance  of  Q20  plus  R14  gen¬ 
erates  a  zero  in  the  transfer  function.  The  combined  effect  of  these  two 
elements  assures  the  stability  of  Ai  with  a  simulated  phase  margin  of  55  degrees. 

4.4  Active  Loads  and  Gain  Stages 

The  input  stage  current  mirrors  used  in  Ai  and  A2  are  modifications 
of  the  classic  Widlar  current  mirror.  In  Ai  devices  Q3-Q4-Q5-Q6  and  Q7  form 
the  mirror.  Q5  is  essentially  diode  connected  by  the  base-emitter  junction  of 
Q3.  The  parallel  combination  of  Q6-Q7  draw  out  Q3's  emitter  current  from  the 
base  rail  of  the  mirror.  Note  that  devices  Q6  and  Q7  have  the  same  areas  as 
Q4  and  Q5  and  therefore  serve  as  photoccmpensation  devices.  Device  Q12  serves 
as  a  buffer  between  the  mirror  and  the  gain  stage  Q19.  Q12  is  biased  at  the 

same  current  as  Q3  so  the  base  currents  they  rob  from  the  collectors  of  Q4-Q5 
axe  equal. 

Q12  and  Q19  form  the  gain  stage  of  A^.  Capacitor  CCCMP1  performs  the 
pole-splitting  action  of  the  integrator.  Note  that  this  capacitor  ties  to  the 
output  of  Ai  and  not  to  the  collector  of  Q19.  Simulations  show  a  greater  degree 
of  phase  margin  is  achievable  using  this  approach. 

4.5  Output  Stage  and  Short  Circuit  Protection 

Both  Ai  and  A2  use  the  standard  class  AB  output  stage  found  on  most 
op  amps  used  today.  The  output  stage  of  A2  differs  frem  that  of  Ai  in  operat¬ 
ing  current  and  device  size,  .Also,  A2  incorporates  a  short  circuit  protection 
scheme  using  Q74  and  Q75.  Since  system  specifications  required  A2  to  drive  a 
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coaxial  cable,  a  parallel  RC  load  was  used  throughout  the  simulations.  The 
value  of  R  was  2K  and  C  was  100  pf.  The  large  output  devices  and  operating 
points  help  source  and  sink  the  larger  currents  necessary  to  drive  such  a  load. 

Under  short  circuit  conditions,  large  currents  nay  initially  flow 
through  resistors  R33  or  R34  (depending  on  the  direction  of  the  shorn:).  If 
the  drop  across  R33  reaches  one  diode  drop,  device  Q75  turns  on  and  robs  driv¬ 
ing  current  from  the  gain  stage.  A  similar  condition  of  opposite  polarity 
causes  a  similar  effect  from  R34  and  Q74. 

4.6  Breadboard  Simulation  Results 

Shown  in  Figure  4.3  is  the  block  diagram  of  the  breadboard  version  of 
the  photopreamplif ier .  For  the  transimpedance  stage,  the  afore  mentioned  rad¬ 
iation  hardened  op  amp  (913)  was  used.  This  part  is  internally  compensated  and 
has  a  gain  bandwidth  product  of  10  megahertz.  For  this  reason  it  was  not  feas¬ 
ible  to  use  this  op  an?)  for  the  second  stage  since  in  the  breadboard  version 
this  stage  requires  a  gain  bandwidth  product  of  100  megahertz  (BW  *  1  mHZ 
at  a  gain  of  100).  Instead,  a  cannercial  op  amp,  the  HA5190  manufactured  by 
Harris'  Products  Division  was  used.  This  part  has  a  gain  bandwidth  product 
of  150  megahertz  but  is  not  radiation  hardened. 

The  purpose  of  constructing  the  printed-circuit  board  version  of  the 
system  was  to  see  if  the  required  overall  transimpedance  of  3  megohms  and  a  1 
megahertz  bandwidth  could  be  achieved  without  instability.  Also  the  circuit 
was  to  be  used  to  amplify  signals  from  prototype  photodiodes  whose  fabrication 
was  near  completion.  The  results  achieved  were  very  good.  A  spectrum  analyser 
showed  the  gain  at  3.1  megohms  and  a  bandwidth  of  1.5  megahertz.  The  laser  light 
used  to  drive  the  photodiodes  was  modulated  by  a  100  kilohertz  square  wave  using 
a  quartz  modulator  and  the  diodes  output  was  properly  amplified  by  the  bread¬ 
board  preamplifier. 


53 


FIGURE  4.3 


5.0  TOPOGRAPHICAL  DESIQJ 


5. 1  Pbotcdiode  Layout 


A  test  chip  was  designed  with  various  geometry  photodiodes 
to  determine  an  optimum  performance  design  compatible  with  existing 
process  capabilities.  Three  pairs  of  diodes  were  designed  on  the 
test  chip;  a  pair  consisting  of  an  open  diode  for  detecting  a  6328& 
He-Ne  laser  and  an  identical  geometry  dark  diode,  masked  from  the 
laser  with  aluminum,  for  radiation  photocurrent  compensation.  This 
section  describes  the  three  designs  and  the  advantages  and  disadvan¬ 
tages  of  each. 

Photodiode  Design  #1:  Stepped  D.I. 

Figure  5.1.1  shows  the  stepped  D.I.  design.  The  dielectric 
isolation  pattern  of  this  design  was  stepped,  anticipating  that  the 
natural  corner  rounding  which  occurs  during  the  anisotropic  silicon 
etch  (moat  etch)  would  result  in  a  circular  shaped  island.  However 
the  etch  time  required  to  etch  the  shallow  island  (0.2-0. 3  mil)  re¬ 
sulted  in  only  minimal  corner  rounding.  As-  a  result,  the  final  is¬ 
land  geometry  closely  replicates  the  drawn  island  geometry  as  shown 
in  the  design. 

The  anode  is  a  5.0  mil  radius  semicircle  with  0.2  mil  spacing 
between  the  anode  aperture  and  the  minimum  D.I.  island.  P+  contact 
to  the  anode  is  made  via  a  0.6  by  9.0  mil  aperture  along  the  diameter 
of  the  semicircle.  The  N+  contact  to  the  cathode  is  a  0.6  mil  aper¬ 
ture  spaced  0 . 3  mil  from  t  he  anode  aperture . 

Photodiode  Design  ft 2;  Stepped  D.I.  with  N+  Ring 

The  stepped  D.I.  with  N+  ring  design  is  shewn  in  Figure  5.1.2. 
Additional  steps  were  added  in  the  dielectric  isolation  partern  to 
determine  if  the  corner  rounding  effect  with  the  add  tional  steps 
would  result  in  a  more  uniform  semicircular  pattern.  However  as  in 
the  previous  design  the  minimal  required  etch  time  resulted  in  the 
final  island  geometry  being  very  similar  to  the  design  island 
geometry . 

The  anode  of  the  design  is  identical  to  the  previous  design. 

A  0.4  mil  N+  ring  spaced  0.3  mil  from  the  anode  was  designed 
for  the  cathode  contact.  This  ring  provides  a  lower  resistance  cathodf 
contact  to  enhance  the  efficiency  of  the  diode.  The  disadvantage 
of  this  design  is  that  the  addition  of  the  N+  ring  increases  the  total 
island  volume  over  the  previous  design  which  could  result  in  an  increa.< 
in  radiation  induced  photocurrent.  The  trade-off  to  be  evaluated 
then  is  improved  photodiode  performance  vs.  radiation  hardness. 

Photodiode  Design  ft 3:  Circular  D,I.  Island 

The  circular  D.I.  island  design  is  shown  in  Figure  5.1.3.  This 
design  was  included  to  study  the  feasibility  of  anisotropically  etchin: 
a  circular  pattern  at  the  dielectic  isolation  photoresist  and  moat 


Mo  significant  problems  were  encountered  on-  the  first  run 
at  the  D.I.  photoresist  and  moat  etch  steps.  In  fact  the  final 
island  geometry  was  very  close  to  the  design  geometry. 

The  anode,  anode  contact  and  cathode  contact  were  identical 
to  Design  #1. 

Results  of  responsivity  testing  and  generation  volume  trade¬ 
offs  showed  the  second  of  the  above  geometries  to  be  optional. 

To  save  on  design  time  and  to  enable  use  of  existing  D.I.  material 
the  dual  photodiode  chip  used  a  metal  and  silox  level  redesign  of 
the  test  chip.  Added  to  the  chip  were  four  30Kr.  feedback  resistors 
using  a  1000  ofams/square  shallow  baron  implanted  resistor  technology 
To  prevent  photoeffects  in  these  resistors,  they  are  covered  with 
an  aluminum  shield. 

„  The  Harris  mask  number  for  the  photodiode  is  1061.  The  chip 
is  laid  out  in  English  units.  The  chip  site  is  98  X  77  resulting 
in  approximately  830  dice  per  3"  slice.  The  following  levels  make 
up  the  photodiode  mask  set : 


Level 


Level  Name 


106101 

106108 

106110 

106116 

106131 

1061 

1061 

1061 

1061 

1061 


Isolation 
N+  buried  layer 
N+  cathode  contact 
P+  anode  contact 
Apertures 

Implanted  resistors 

Anode 

Nitride 

Metal 

Silox 


NOTES: 


1)  The  isolation  level  creates  the  V-grooves  used  in  D.I. 
fabrication. 


3.2  itaplifier  Layout 


The  preamplifier  chip  is  laid  out  using  standard  D.I.  ground 
rules  which  will  be  discussed  in  detail.  The  chip  is  divided  into 
two  identical  channels.  Accurate  gain  and  balance  matching  is  real¬ 
ized  by  multisigmented  feedback  resistors  also,  separate  VCC,  VEE, 
and  ground  lines  are  provided  for  each  channel  to  match  impedances 
and  prevent  oscillation. 

Thermal  gradient  matching  is  also  important.  Each  section  of 
the  two  channels  is  laid  out  around  lines  of  thermal  symnetry.  Also 
the  large,  heat  producing  output  transistors  are  placed  at  the  far 
side  of  the  chip  from  the  photodiode  connections. 

The  bond  pads  are  laid  out  down  one  side  of  the  chip  to  faciii 
tate  direct  bonding  to  the  photodiode  chip,  since  the  preamplifier 
circuit  provides  the  VEE  and  ground  to  the  photodiode  and  receives 


the  photodiode  output"  for  amplification. 


For  reference,  Figure  5.1.4  provides  a  technical  diagram  of 
the  photodiode/amplifier  system.  Figure  5.1.5  illustrates  the 
bonding  pad  layout;  Figure  5.1.6  is  a  photograph  of  both  chips. 

The  Harris  mash  series  number  for  the  DINS  Preamplifier  is 
105800.  This  was  the  first  Harris  circuit  to  be  laid  out  entirely 
in  metric  dimensions.  The  chip  size  is  3810  X  2921  micron,  resulting 
in  approximately  340  dice  per  3"  wafer.  The  following  levels  make 
up  the  amplifier  mask  set: 


Level 

Level  Name 

105801 

Isolation 

105804 

P  Collector 

105806 

N+  buried  layer 

105816 

N  base 

105821 

P  base 

105826 

P+  emitter 

105831 

N+  emitter 

105833 

Capacitors 

105835 

Implanted  resistors 

105836 

Oversize  resistors 

105837 

Apertures 

105839 

Over size  apertures 

105850 

Metallizatj  ~n 

105856 

Silox 

105857 

Oversize  silox 

NOTES : 

1)  The  isolation  level  is  used  to  cut  the  V-grooves  necessary 
for  tielectric  isolation  fabrication. 

2)  The  oversize  levels  are  used  in  double  coat /double  expose 
photo  resist  operations  for  defect  density  reduction. 

Layout  Ground  Rules 

The  preamplifier  layout  has  both  NPN-  and  PNP-  transistors, 
base  and  ion- implanted  resistors,  and  a  zener  diode.  One  channel 
of  the  circuit  was  laid  out  entirely  and  then  mirror- imaged  to  form 
the  second  channel.  Detailed  ground  rules  used  in  this  layout  follow 

1.0  GENERAL  RULES 

1.1  All  dimensions  in  microns  unless  otherwise  specified. 

1.2  All  dimensions  minimum  unless  otherwise  specified. 

1.3  All  devices  (both  active  and  passive)  in  separate  D.I.  islands. 

1.4  All  bond  pads  in  separate  D.I.  islands. 


2.0  SPEC IP! CAT IONS 

2.1  Starting  material  is  3-5  oho-cm,  1-0-0  orientation. 

2.2  Finished  island  thickness  range  is  17.3  -  28u . 

2.3  Back  diffused  collector  is  400-300  ohm/square. 


2.4 

N+  buried  layer  is  selective  in  N  islands  onl 
square . 

y,  10-30  ohms/ 

2.5 

N  base  is  130-160  ohm/square. 

2.6 

P  base  is  120-145  ohm/square. 

2.7 

P+  emitter  is  14-18  ohm/ square. 

2.8v 

N+  emitter  is  3. 5-4.5  ohm/ square. 

2.9 

Capacitor  oxide  over  P+  is  20008  for  specific 
1.705  X  10'4  pF/u2. 

capacitance 

of 

2.10 

Aluminum  is  12,5003. 

2.11 

Silox  passivation  10008/6000S/10002. 

2.12 

2 

I  resistor.  250  ohms/square. 

3.0 

SCRIBE  LINE  RULES 

3.1 

Scribe  centerline  to  inside  scribe  edge, 
all  levels  except  silox. 

75 

3.2 

Scribe  centerline  to  inside  scribe  edge, 
silox  level  only. 

50 

3.3 

Scribe  overlap. 

.5 

mils 

3.4 

Bond  pad  to  inside  scribe  edge,  all  levels 
except  silox. 

50 

3.5 

Silox  bond  pad  to  inside  scribe  edge,  silox 
level  only. 

75 

3.6 

Inside  scribe  edge  to  active  junction. 

50 

3.7 

Any  metal  to  scribe  edge. 

45 

4.0 

TRANSISTOR  RULES 

NOTE:  Transistor  rules  apply  to  NPN  and  PNP 

devices . 

4.1 

Contact  width. 

5 

4.2 

Contact  size. 

7  X 

_5 _ 

4.3 

Contact  to  edge  of  collector  diffusion 

5 
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4.4 


5 


Emitter  contact  to  edge  of  emitter. 

4.5  Emitter  to  base  edge. 

4.6  Emitter  to  base  contact  diffusion. 

4.7  Base  contact  to  edge  of  base  contact 
diffusion. 

4.8  Base  to  collector  diffusion. 


10 


5,  3  sides;  2,  side 
facing  emitter _ 

13,  high  breakdown  device 
low  breakdown  device 


4.9  Interconnect  width. 

4.10  Interconnect  spacing. 

4.1^  Interconnect  overlap  of  contacts. 

5.0  IMPLANTED  RESISTOR  RULES 

5.1  Minimum  Resistor  Width 

5.2  Resistors  are  250  +  10*^  ohms/square  for 
W  -  13u. 

5.3  All  resistors  have  P+  end  caps. 

5.4  Resistor  Contact  Aperture. 

5.5  Contact  to  edge  of  P+. 

5.6  Aperture  is  line-on-line  with  resistor  end. 

2 

5.7  No  metal  can  cross  I  resistor. 

5.8  Crossunders  according  to  rules  5.9  and  5.11. 

5.9  Resistor  overlap  of  P+. 

2  2 

5.10  Oversize  I  mask  is  5u  oversize  of  I  resistor. 

5.11  Resistor  to  edge  of  P+,  on  sides. 

6.0  CAPACITOR  RULES 

6.1  Metal  overlap  of  thin  oxide  aperture. 

6.2  Contact  to  edge  of  P+  diffusion. 

6.3  Minimum  island  to  P+  diffusion. 

6.4  Thin  oxide  aperture  to  P+  edge. 


13 


7  X  13 
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7.0  BOND  PAD  RULES 

7.1  Bond  pad  size.  110X110 

7.2  Silox  opening.  100X100 

7.3  Silox  opening  spacing.  75 

7.4  Silox  opening  to  adjacent  metal.  40 


7.5  All  bond  pads  have  fillet  of  20  X  50. 

7.6  Pad  1  uses  distinctive  shape. 

7.7  Minimum  island  to  metal  bon;i  pad.  10 

8.0  MISCELLANEOUS  RULES 

8.1  Alignment  sequence 

P  Collector  to  flat 

N+  buried  layer  to  p  collector 

Isolation  to  P  collector 

N  base  to  isolation 

P  base  to  N  base 

P+  to  N  base 

N+  to  N  base 

Capacitors  to  N  base 

2 

I  resistors  to  N  base 

2  2 

Oversize  I  resistors  to  I  resistors. 

Contacts  to  N  base 
Interconnect  to  contacts 
Silox  to  interconnect 
Oversize  silox  to  silox 

8.2  All  masks  are  direct-stepped  borosilicate  hard-sur.f ace ; 
alignment  tolerance  is  .  75y  except  for  silox  which  is  lu . 

8.3  All  alignments  are  by  cross  into  previously  created  box. 

8.4  Front-to-back  alignment  is  by  cross-hair  structure  or  by 
N  base  ring  into  depth  indicator  island. 

8.5  Die  has  Harris  Logo,  year,  copyright,  2nd  mask  number  in 
metal  level. 

8.6  Die  has  large  NPN  and  PNP  device  for  in-line  probing. 

8.7  All  critical  PNP  devices  (insofar  as  collector  base  leak¬ 
age  is  concerned)  to  have  full  collector  guard  ring  of  min¬ 
imum  8  u  width. 
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Test  Devices 


Test  and  piloting  devices  include: 

1.  Grinding  depth  indicator  for  use  during  the  polishing 
operation  at  the  end  of  materials  (backside)  fabrication. 

2.  Large  aperture  NPN  and  PNP  special  geometry  devices  provid¬ 
ed  for  probe  and  piloting  steps  prior  to  metallization. 

3.  PNP  and  NPN  standard  geometry  test  devices  brought  out  to 
octagonal  pads  for  final  probe  or  hardness  assurance  tests. 

4.  SEM  mark  (crossed  H)  to  check  step  coverage  of  aluminum. 

Additional  devices  brought  out  individually  on  5  test  patterns 
(expanders)  per  slice,  to  be  used  for  testing  particular  de¬ 
vices  of  interest. 


5. 


STEPPED  D.I.  ISLAND 


ANODE  CONTACT 


CATHODE  CONTACT 


BLANKING  METAL 
AND 

ANODE  CONTACT 


PHCTtDIGDE  DESIGN  #2 
STEPPED  D, I.  S  N*  RING 


OPEN  DIODE 


CATHODE 

CONTACT 


ANODE 

CONTACT 


ANODE 


•*^777  S  7~>  g 


STEPPED 
D.I.  ISLAND 


N+  31 VG 


BLANKED  DIODE 


Figure  5. 1.2 


PHOTQDICDE  DESIGN  #3 
CIRCULAR  D. I.  ISLAND 


CATHODE 

CONTACT 


ANODE 


OPEN  DIODE 


CIRCULAR  D. I.  ISLAND 


ANODE  CONTACT 


BLANKED  DIODE 


CATHODE 

CONTACT 


Figure  5.1.3 

6-1 


.Amplifier  Chip 


6.0  CHARACTERIZATION  RESULTS 


Electrical  bench  testing  of  the  first  pilot  run  of  1058 
DINS  Pre-amp  IC's  showed  excellent  results.  All  electrical 
requirements  were  achieved  with  good  correlation  to  design 
simulations. 

A  summary  specification  sheet  showing  the  parameters  test¬ 
ed  and  the  values  measured  is  shown  in  Table  6.1.  Six  IC's  from 
2  wafers  were  used  as  test  vehicles  for  characterization.  Both 
wafers  were  from  the  same  pilot  run.  The  test  chips  were  en¬ 
capsulated  in  a  16  lead  side  brazed  dip  package.  The  test  circuit 
diagram  is  shown  in  Figure  6.2. 

Of  particular  concern,  was  the  output  response  time  and 
overshoot  from  an  input  current  step.  Figures  6.3  through.  6-. 5 
are  photographs  displaying  the  rise  time  and  overshoot  from  one 
channel  of  a  typical  device  at  temperatures  of  -55°C,  25°,  and 
+125°C  respectively.  The  rise  time  and  overshoot  was  measured 
with  an  input  current  step  of  2.5  microamps. 

Crosstalk  isolation  on  all  devices  measured  was  approx¬ 
imately  -58  db  at  1.8  MHz.  This  high  isolation  was  possible 
by  separating  the  ground  for  each  channel  and  providing  each 
amplifier  with  separate  VCC  and  VEE  connections. 

All  devices  exhibited  a  thermal  R.M.S.  output  noise  voltage 
of  14  mV.  This  noise  component  is  insignificant  when  superimposed 
with  the  differential  noise  current  generated  by  the  DINS  photo¬ 
diodes  due  to  prompt  gamma  radiation.  This  differential  radiation 
photocurrent  is  due  to  finite  volume  mismatches  between  each 
common  pair  of  photodiodes.  Theoretical  radiation  noise  current 
calculations  and  CAD  simulations  on  output  noise  with  different 
percentage  photodiode  volume  mismatches  are  shown  in  the  DINS  de¬ 
sign  report.  Figure  6.6  is  a  photograph  of  the  DINS  photodiodes 
and  pre-amplifier  wire  bonded  together.  Note  that  the  diodes  are 
supplied  with  their  own  VEE  bonding  pad. 

On  all  devices  tested,  channel  to  channel  phase  tracking 
was  excellent.  At  1.8  Mhz,  the  worst  case  measured  value  was 
+3°  (channel  A  relative  to  B).  Some  of  this  error  was  possibly 
dug  to  extrapolation  since  the  scale  on  the  HP-8047  was  set  at 
10  /cm.  Nevertheless,  this  deviation  is  well  below  the  specified 
maximum  channel  to  channel  phase  difference  of  *15°' 

Characterization  of  the  DINS  photodiode  has  been  completed 
by  MRC  Inc.  A  summary  of  the  results,  including  theoretical 
analysis  and  experimental  comparisons  is  shown  in  the  report 
titled;  characterization  of  the  Radiation  Hard  Harris/DINS  Ring 
Laser  Gyro  Photodetectors;  Contract  *DNA-80-C-0140.  Results 
indicate  a  photodiode  responsivity  of  .  4+.1  amperes/watt  which  is 
in  close  agreement  with  theoretical  calculations. 
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Air  Force  Systems  Command 

ATTN 

XRLA 

ATTN 

DLW 

ATTN 

OLCA 

ATTN 

DLCAM 

Air  Force  Technical  Applications  Ctr 
ATTN:  TAE 

Air  Force  Weapons  Laboratory 

Air  Force  Systems  Command 
ATTN:  NTYC ,  Mullis 
ATTN:  NTYC,  Capt  Swenson 
5  cy  ATTN:  NTYC 

Air  Force  Wright  Aeronautical  Lab 
ATTN:  POD,  P.  Stover 

Air  Force  Wright  Aeronautical  Lab 
ATTN:  TEA,  R.  Conklin 
ATTN:  DHE 

Air  Logistics  Command 

Department  of  the  Air  Force 
ATTN:  00-ALC/MM 
ATTN:  MMETH 
ATTN:  MMEDO 

Assistant  Chief  of  Staff 

Studies  4  Analyses 

Department  of  the  Air  Force 
ATTN:  AF/SAMI 

Ballistic  Missile  Office 

Air  Force  Systems  Conmand 
ATTN:  ENSN,  H.  Ward 

Ballistic  Missile  Office 

Air  Force  Systems  Command 


ATTN: 

ENSN,  J.  Tucker 

ATTN: 

SYOT 

ATTN: 

ENMG 

ATTN: 

EN8E 

DEPARTMENT  OF  THE  AIR  FORCE  (Continued) 

Foreign  Technology  Division 
Air  Force  Systems  Command 

ATTN:  TQTD,  B.  Ballard 
ATTN:  PDJV 

Space  Division 
Department  of  the  Air  Force 
ATTN:  AQT,  W.  Blakney 
ATTN:  AQM 

Space  Division 
Department  of  the  Air  Force 
ATTN:  YG,  R.  Davis 

Rome  Air  Development  Center 
Air  Force  Systems  Command 
ATTN:  RBRP ,  C.  Lane 

Rome  Air  Development  Center 
Air  Force  Systems  Conmand 


ATTN: 

ESE, 

A. 

Kahan 

ATTN: 

ESR, 

P. 

Vail 

ATTN: 

ESER 

R 

Buchanan 

ATTN: 

ESR, 

W. 

Shedd 

ATTN: 

ETS, 

R. 

Dolan 

Strategic  Air  Command 

Department  of  the  Air  Force 
ATTN:  XPFS,  M.  Carra 

Tactical  Air  Conmand 

Department  of  the  Air  Force 
ATTN:  XPG 

DEPARTMENT  OF  ENERGY 

Department  of  Energy 

Albuquerque  Operations  Office 
ATTN:  WSSB 

OTHER  GOVERNMENT  AGENCIES 

Central  Intelligence  Agency 
ATTN:  OSWR/NED 

ATTN:  OSWR/STD/MTB,  A.  Padgett 

Department  of  Commerce 

National  Bureau  of  Standards 

ATTN:  Sec  Ofc  for  K.  Galloway 
ATTN:  Sec  Ofc  for  0.  Humphreys 
ATTN:  Sec  Ofc  for  0.  French 

NASA 

Goddard  Space  Flight  Center 
ATTN:  J.  Adolphsen 
ATTN:  V.  Danchenko 

NASA 

George  C.  Marshall  Space  Flight  Center 
ATTN:  M.  Nowakowski 
ATTN:  EG02 
ATTN:  L.  Haniter 

NASA 


ATTN :  J .  Murphy 
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General  Research  Corp 

ATTN:  Tech  Info  Ofc 
ATTN:  R.  Hill 

George  C.  Messenger,  Consulting  Eng 
ATTN:  G.  Messenger 

Georgia  Institute  of  Technology 
ATTN:  R.  Curry 

Georgia  Institute  of  Technology 

ATTN:  Res  8  Sec  Coord  for  H.  Denny 

Goodyear  Aerospace  Corp 

ATTN:  Sec  Control  Station 

Grumman  Aerospace  Corp 
ATTN:  0,  Rogers 

GTE  Microcircuits 

ATTN:  F.  Krch 

Harris  Corporation 

ATTN:  J.  Cornell 
ATTN:  C.  Anderson 
ATTN:  T.  Sanders 

Honeywell,  Inc 

ATTN:  R.  Gumm 

Honeywell,  Inc 

ATTN:  C.  Cerulli 


Honeywell,  Inc 

ATTN:  Tech  Library 


Hughes  Aircraft 

Co 

ATTN: 

J. 

Singletary 

ATTN: 

R. 

McGowan 

Hughes  Aircraft 

Co 

ATTN: 

W. 

Scott 

ATTN: 

E. 

Smith 

ATTN: 

A. 

Narevsky 

ATTN: 

D. 

Shumake 

IBM  Corp 

ATTN: 

H. 

Mathers 

ATTN: 

T. 

Martin 

JAVCOR 


ATTN: 

T.  Flanagan 

ATTN: 

L.  Scott 

ATTN: 

R.  Stahl 

Johns  Hopkins  University 

ATTN: 

P.  Partridge 

Kaman  Sciences  Corp 

ATTN: 

M.  Bell 

ATTN: 

N.  Beauchamp 

ATTN: 

J.  Lubell 

Kaman  Tempo 

ATTN: 

DAS  I  AC 

ATTN: 

M,  Espig 

Kaman  Tempo 

ATTN: 

DAS  1  AC 

Litton  Systems,  Inc 

ATTN: 

J.  Retzler 

Lockheed  Missiles  8  Space 

ATTN: 

J.  Crowley 

ATTN: 

J.  Smith 

Lockheed  Missiles  8  Space 

ATTN: 

E.  Smith 

ATTN: 

C.  Thompson 

ATTN: 

D.  Phillips 

ATTN: 

M.  Smith 

ATTN: 

E.  Hessee 

ATTN: 

P.  Bene 

M.I.T.  Lincoln  Lab 

ATTN: 

P.  McKenzie 

Magnavox  Govt  8  Indus  Electronics  Co 
ATTN:  W.  Richeson 


Martin  Marietta  Corp 
ATTN:  H.  Cates 
ATTN:  W.  Brockett 
ATTN:  W.  Janocko 
ATTN:  R.  Gaynor 
ATTN:  S.  Bennett 


Martin  Marietta  Corp 
ATTN:  E.  Carter 


IBM  Corp 

ATTN:  MS  110-036,  F.  Tietze 

I  IT  Research  Institute 
ATTN:  1.  Mindel 

Institute  for  Defense  Analyses 
ATTN:  Tech  Info  Svcs 

International  Business  Machine  Corp 
ATTN:  J.  Ziegler 

International  Tel  8  Tel  Corp 
ATTN:  A.  Richardson 
ATTN:  Dept  608 


McDonnell  Douglas  Corp 


ATTN: 

D.  Dob m 

ATTN: 

M.  Stitch 

ATTN: 

R.  Kloster 

ATTN: 

Lit  rary 

McDonnell  Douglas  Corp 

ATTN:  J.  Holmgrem 
ATTN:  0.  Fitzgerald 

McDonnell  Douglas  Corp 
ATTN:  Tech  Lib 

Mission  Research  Corp 

ATTN:  C.  Longmire 


Intersil,  Inc 

ATTN:  D.  Macdonald 


Mission  Research  Corp 
ATTN:  R.  Pease 
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Mission  Research  Corp,  Sin  Diego 
ATTN:  V.  Van  Lint 
ATTN:  J.  Raymond 

Mission  Research  Corporation 
ATTN:  W.  Ware 

Mitre  Corp 

ATTN:  i',.  Fitzgerald 

Motorola,  Inc 

ATTN:  A.  Christensen 
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RCA  Corp 

ATTN: 


RCA  Corp 

ATTN:  W.  Allen 

Rensselaer  Polytechnic  Institute 
ATTN:  R,  Gutmann 

Research  Triangle  Institute 

ATTN:  Sec  Ofc  for  M.  Simons,  Jr 

Rockwell  International  Corp 


Motorola,  Inc. 

ATTN 

V.  De  Martino 

ATTN: 

0.  Edwards 

ATTN 

V.  Strahan 

ATTN 

j.  Brandford 

National  Academy  o'"  Sciences 

ATTN 

V.  Michel 

/■•77S: 

Nat  Materials  Advisory  Ed 

ATTN  j 

R.  Shane 

Rockwell  International  Corp 

ATTN 

Yates 

National  Semiconductor  Corp 

ATTN 

TIC  BA08 

ATTN: 

P.  Wang 

ATTN: 

A.  London 

Rockwell  International  Corp 

ATTN 

D.  Vincent 

University 

of  New  Mexico 

ATTN: 

H.  Southward 

Sanders  Associates,  Inc 

ATTN 

1. .  Brodeur 

Norden  Systems,  !ric 

A'TN: 

Tech  Lib 

Science  Appl ications,  Inc 

A'TN: 

D.  Longo 

ATTN 

D.  Millward 

Northrop  Corp 

Science  Applications,  Inc 

ATT:.: 

J.  Srour 

ATTN 

0.  Long 

ATTN 

V.  Ophan 

Northrop  Corp 

ATTN 

V.  Verbinski 

ATTN: 

L.  Apodaca 

A'TN 

J.  Naber 

ATTN: 

P.  Gardner 

ATTN: 

Sec  Ofc  for  1.  jaclsoo 

Science  An 

>1  ications,  Inc 

AT") 

w.  Chadsey 

Pacific-Sierra  Research  Corn 

ATTN: 

H.  Erode 

Science  Appl i cal  ions,  Inc 

ATTN 

D.  Striblina 

Physics  International  Co 

ATTN: 

J.  Shea 

Sinoeis  Co 

ATTN: 

Division  6000 

ATTN 

J.  Brinkman 

R  &  D  Associates 

Ginger  Co 

ATTN: 

S.  Rogers 

ATTN 

R.  Spiegel 

ATTN: 

P.  Haas 

Sperry  Rand  Corp 

Rand  Corp 

ATTN 

Engineering  Lab 

ATTN: 

C.  Crain 

Sperry  Rand  Corp 

Raytheon  Co 

ATTN 

C.  Craig 

ATTN: 

J.  Ciccio 

ATTN 

P.  Maraffino 

ATTN 

R .  Viola 

Raytheon  Co 

ATTN 

F.  Scaravaql ione 

ATTN: 

H.  Flescher 

ATTN: 

A.  Van  Doren 

Sperry  Rand  Corp 

ATTN 

D.  Schow 

RCA  Corp 

ATTN: 

G.  Brucker 

Sperry  UNI  VAC 

ATTN: 

V.  Mancino 

ATTN 

J.  lnda 

RCA  Corp 

Spire  Corp 

ATTN: 

0.  O'Connor 

ATTN 

R.  Little 

ATTN: 

Ofc  N103 
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SRI  International 

TRW 

Defense 

ATTN 

A.  Whitson 

ATTN: 

ATTN 

B.  Gasten 

ATTN: 

ATTN 

P.  Dolan 

ATTN: 

ATTN: 

Syl vania  Systems  Group 

ATTN: 

ATTN 

C.  Thornhill 

ATTN: 

ATTN 

L.  Blaisdell 

ATTN 

L.  Pauples 

TRW 

Defense 

ATTN: 

Sylvania  Systems  Group 

ATTN: 

ATTN 

J.  Waldron 

ATTN: 

ATTN 

P.  Fredrickson 

ATTN: 

ATTN 

H.  Ullman 

ATTN 

H  &  V  Group 

Vought  Corp 

Systron-Donner  Corp 

ATTN:  J.  Indelicato 


ATTN 

ATTN 

ATTN 


&  Space  Sys  Group 

O.  Adams 
A.  Pavelko 
H.  Holloway 

P.  Guilfoyle 
R.  Kingsland 
A.  Witteles 

&  Space  Sys  Group 
W.  Willis 
F.  Fay 
R.  Kitter 
M.  Gorman 


R .  T  omme 
Li brary 

Tech  Data  Center 


Teledyne  Ryan  Aeronautical 
ATTN:  J.  Rawlings 


Westinghouse  Electric  Co 
ATTN:  L.  McPherson 


Texas  Instruments,  Irtc 
ATTN:  R.  Stehlin 
ATTN:  A.  Peletier 

Texas  Instruments,  Inc 
ATTN:  E.  Poblenz 

TRW  Systems  and  Energy 
ATTN:  G.  Spehar 
ATTN:  B.  Gi 1 i 1  land 


Westinghouse  Electric  Corp 
ATTN:  H.  Kalapaca 
ATTN:  D.  Crichi 


IRT  Corp 

ATTN:  N.  Rudie 
ATTN:  J.  Harrity 
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